Introduction {#Sec1}
============

Fractional calculus has received a great attention from many researchers in different disciplines. In particular, there has been an important interest in studying inequalities involving different kinds of fractional integrals. Unfortunately, as we will show later, most of the obtained results in this direction are particular cases of (or equivalent to) existing inequalities from the literature.

At first, let us recall briefly some definitions on fractional calculus that will be used later.
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--------------
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The paper is organized as follows. Section [2](#Sec2){ref-type="sec"} is devoted to results and discussions. More precisely, in Section [2.1](#Sec3){ref-type="sec"}, we discuss some recent Hermite-Hadamard-type inequalities via different kinds of fractional integrals. We show that such inequalities are particular cases of (or equivalent to) Fejér inequality. In Section [2.2](#Sec4){ref-type="sec"}, we discuss a Gruss-type inequality involving fractional integrals, which was obtained by Dahmani *et al*. \[[@CR3]\]. We show that such inequality is a particular case of a weighted version of Gruss inequality, which was established by Dragomir \[[@CR4]\]. In Section [2.3](#Sec5){ref-type="sec"}, we discuss a fractional-type inequality related to weighted Chebyshev's functional, which was presented by Dahmani \[[@CR5]\]. We show that such an inequality is not new, and it is equivalent to an existing inequality proved by Dragomir \[[@CR4]\]. We end the paper with a conclusion in Section [3](#Sec6){ref-type="sec"}.

Results and discussions {#Sec2}
=======================

In this section, we discuss several recent inequalities involving different types of fractional integrals, and we prove that these inequalities are particular cases of (or equivalent to) previous existing results from the literature.

On Hermite-Hadamard-type inequalities involving fractional integrals {#Sec3}
--------------------------------------------------------------------

Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$f: [a,b]\to\mathbb{R}$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$(a,b)\in\mathbb{R}^{2}$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$a< b$\end{document}$, be a convex function. Then (see \[[@CR6]--[@CR8]\]) $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ f \biggl(\frac{a+b}{2} \biggr)\leq\frac{1}{b-a} \int_{a}^{b} f(t)\,dt\leq \frac{f(a)+f(b)}{2}. $$\end{document}$$ Inequality ([1](#Equ1){ref-type=""}) was known in the literature as Hermite-Hadamard inequality.

In \[[@CR9]\], Fejér established the following result, which contains a weighted generalization of ([1](#Equ1){ref-type=""}).

### Theorem 2.1 {#FPar3}
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Recently, many generalizations and extensions of ([1](#Equ1){ref-type=""}) were derived by many authors using fractional integrals. In this direction, we refer the reader to \[[@CR2], [@CR10]--[@CR14]\], and the references therein. In this section, we show that most of those results are particular cases of (or equivalent to) Theorem [2.1](#FPar3){ref-type="sec"}. To simplify the presentation, we will consider only the results obtained in \[[@CR2], [@CR12], [@CR14]\].

In \[[@CR14]\], Sarikaya *et al*. established the following Hermite-Hadamard-type inequality via Riemann-Liouville integrals.

### Theorem 2.2 {#FPar4}
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In \[[@CR12]\], Işcan presented the following result.

### Theorem 2.3 {#FPar5}
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In \[[@CR2]\], Kirane and Torebek presented the following result.

### Theorem 2.4 {#FPar6}
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Our first observation is formulated by the following theorem.

### Theorem 2.5 {#FPar7}
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### Proof {#FPar8}

Let us suppose that all assumptions of Theorem [2.2](#FPar4){ref-type="sec"} are satisfied. Let us define the function *w* by $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$w(t)=\frac{1}{\Gamma(\alpha)} \bigl((b-t)^{\alpha-1}+(t-a)^{\alpha -1} \bigr), \quad a< t< b. $$\end{document}$$ Clearly, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$w \in L^{1}((a,b);\mathbb{R})$\end{document}$, and it is a non-negative function. Moreover, for all $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$t\in(a,b)$\end{document}$, we have $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \Gamma(\alpha)w(a+b-t)&=\bigl(b-(a+b-t)\bigr)^{\alpha-1}+\bigl((a+b-t)-a \bigr)^{\alpha -1}\\&=(t-a)^{\alpha-1}+(b-t)^{\alpha-1}=\Gamma(\alpha)w(t).\end{aligned} $$\end{document}$$ Therefore, *w* is symmetric to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\frac{a+b}{2}$\end{document}$. Now, by Theorem [2.1](#FPar3){ref-type="sec"}, it follows from ([2](#Equ2){ref-type=""}) that $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ f \biggl(\frac{a+b}{2} \biggr) \int_{a}^{b} w(t)\,dt \leq \int_{a}^{b} f(t)w(t)\, dt\leq\frac{f(a)+f(b)}{2} \int_{a}^{b} w(t)\,dt. $$\end{document}$$ On the other hand, we have $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \Gamma(\alpha) \int_{a}^{b} w(t)\,dt= \int_{a}^{b} (b-t)^{\alpha-1} \, dt+ \int_{a}^{b} (t-a)^{\alpha-1} \,dt = \frac{2}{\alpha} (b-a)^{\alpha}. $$\end{document}$$ Moreover, we have $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \begin{aligned}[b] \int_{a}^{b} f(t)w(t)\,dt&=\frac{1}{\Gamma(\alpha)} \int_{a}^{b} (b-t)^{\alpha-1} f(t)\,dt+ \frac{1}{\Gamma(\alpha)} \int_{a}^{b} (t-a)^{\alpha-1} f(t)\,dt \\ &=J_{a^{+}}^{\alpha}f(b)+J_{b^{-}}^{\alpha}f(a).\end{aligned} $$\end{document}$$ Therefore, using ([6](#Equ6){ref-type=""}), ([7](#Equ7){ref-type=""}), and ([8](#Equ8){ref-type=""}), we obtain $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f \biggl(\frac{a+b}{2} \biggr)\leq\frac{\Gamma(\alpha+1)}{2(b-a)^{\alpha}} \bigl[J_{a^{+}}^{\alpha}f(b)+J_{b^{-}}^{\alpha}f(a) \bigr]\leq\frac{f(a)+f(b)}{2}, $$\end{document}$$ which is inequality ([3](#Equ3){ref-type=""}). Therefore, we proved that Theorem [2.1](#FPar3){ref-type="sec"} ⇒ Theorem [2.2](#FPar4){ref-type="sec"}. □

Next, we have the following observation concerning Theorem [2.3](#FPar5){ref-type="sec"}.

### Theorem 2.6 {#FPar9}
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### Proof {#FPar10}
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                \begin{document}$$ \begin{aligned}[b] \int_{a}^{b} f(t)w(t)\,dt&= \frac{1}{\Gamma(\alpha)} \int_{a}^{b} f(t)g(t) \bigl((b-t)^{\alpha-1}+(t-a)^{\alpha-1} \bigr)\,dt \\ &=\frac{1}{\Gamma(\alpha)} \int_{a}^{b} (b-t)^{\alpha-1} f(t)g(t)\,dt+ \frac{1}{\Gamma(\alpha)} \int_{a}^{b} (t-a)^{\alpha-1} f(t)g(t)\,dt \\ &= J_{a^{+}}^{\alpha}(fg) (b)+J_{b^{-}}^{\alpha}(fg) (a).\end{aligned} $$\end{document}$$ Combining ([9](#Equ9){ref-type=""}), ([10](#Equ10){ref-type=""}), and ([11](#Equ11){ref-type=""}), we obtain $$\documentclass[12pt]{minimal}
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                \begin{document}$$f \biggl(\frac{a+b}{2} \biggr) \bigl[J_{a^{+}}^{\alpha}g(b)+J_{b^{-}}^{\alpha}g(a) \bigr]\leq \bigl[J_{a^{+}}^{\alpha}(fg) (b)+J_{b^{-}}^{\alpha}(fg) (a) \bigr]\leq\frac{f(a)+f(b)}{2} \bigl[J_{a^{+}}^{\alpha}g(b)+J_{b^{-}}^{\alpha}g(a) \bigr], $$\end{document}$$ which is inequality ([4](#Equ4){ref-type=""}). Therefore, we proved that Theorem [2.1](#FPar3){ref-type="sec"} ⇒ Theorem [2.3](#FPar5){ref-type="sec"}.

Now, suppose that all the assumptions of Theorem [2.1](#FPar3){ref-type="sec"} are satisfied. Taking $\documentclass[12pt]{minimal}
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Our comment on Theorem [2.4](#FPar6){ref-type="sec"} is formulated by the following theorem.

### Theorem 2.7 {#FPar11}

*Theorem* [2.1](#FPar3){ref-type="sec"} ⇒ *Theorem* [2.4](#FPar6){ref-type="sec"}.

### Proof {#FPar12}

Let us suppose that all assumptions of Theorem [2.4](#FPar6){ref-type="sec"} are satisfied. Let us define the function *w* by $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \begin{aligned}[b] \int_{a}^{b} w(t)\,dt&=\frac{1}{\alpha} \int_{a}^{b} \biggl(\exp \biggl(- \frac {1-\alpha}{\alpha}(b-t) \biggr)+\exp \biggl(-\frac{1-\alpha}{\alpha }(t-a) \biggr) \biggr)\,dt \\ &=\frac{1}{\alpha} \int_{a}^{b} \exp \biggl(-\frac{1-\alpha}{\alpha }(b-t) \biggr)\,dt+\frac{1}{\alpha} \int_{a}^{b} \exp \biggl(-\frac{1-\alpha }{\alpha}(t-a) \biggr)\,dt \\ &= \frac{1}{1-\alpha} \biggl(1-\exp \biggl(-\frac{1-\alpha}{\alpha }(b-a) \biggr) \biggr)-\frac{1}{1-\alpha} \biggl(\exp \biggl(-\frac{1-\alpha }{\alpha}(b-a) \biggr)-1 \biggr) \\ &= \frac{2}{1-\alpha} \biggl(1-\exp \biggl(-\frac{1-\alpha}{\alpha }(b-a) \biggr) \biggr) \\ &=\frac{2}{1-\alpha} \bigl(1-\exp (-\mathcal{A} ) \bigr).\end{aligned} $$\end{document}$$ Moreover, we have $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \begin{aligned}[b] \int_{a}^{b} f(t)w(t)\,dt&=\frac{1}{\alpha} \int_{a}^{b} \biggl(\exp \biggl(- \frac{1-\alpha}{\alpha}(b-t) \biggr)+\exp \biggl(-\frac{1-\alpha}{\alpha }(t-a) \biggr) \biggr)f(t)\,dt \\ &=\frac{1}{\alpha} \int_{a}^{b} \exp \biggl(-\frac{1-\alpha}{\alpha }(b-t) \biggr)f(t)\,dt+\frac{1}{\alpha} \int_{a}^{b} \exp \biggl(-\frac{1-\alpha }{\alpha}(t-a) \biggr)f(t)\,dt \\ &=I_{a}^{\alpha}f(b)+I_{b}^{\alpha}f(a).\end{aligned} $$\end{document}$$ Combining ([12](#Equ12){ref-type=""}), ([13](#Equ13){ref-type=""}), and ([14](#Equ14){ref-type=""}), we obtain $$\documentclass[12pt]{minimal}
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                \begin{document}$$f \biggl(\frac{a+b}{2} \biggr)\leq \frac{1-\alpha}{2(1-\exp(-\mathcal {A}))} \bigl[I_{a}^{\alpha}f(b)+I_{b}^{\alpha}f(a) \bigr]\leq\frac{f(a)+f(b)}{2}, $$\end{document}$$ which is inequality ([5](#Equ5){ref-type=""}). Therefore, we proved that Theorem [2.1](#FPar3){ref-type="sec"} ⇒ Theorem [2.4](#FPar6){ref-type="sec"}. □

Discussion of Gruss-type inequalities involving fractional integrals {#Sec4}
--------------------------------------------------------------------

In 1935, Gruss \[[@CR15]\] proved the following result.

### Theorem 2.8 {#FPar13}
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                \begin{document}$$ \begin{aligned}[b] &\biggl\vert \frac{1}{b-a} \int_{a}^{b} f(x)g(x)\,dx- \biggl(\frac{1}{b-a} \int_{a}^{b} f(x)\,dx \biggr) \biggl( \frac{1}{b-a} \int_{a}^{b} g(x)\,dx \biggr) \biggr\vert \\&\quad\leq \frac{(M-m)(P-p)}{4}.\end{aligned} $$\end{document}$$

Inequality ([15](#Equ15){ref-type=""}) has evoked the interest of many researchers, and several generalizations of this inequality have appeared in the literature. In particular, in 1998, Dragomir \[[@CR4]\] established the following interesting generalization, which provides a weighted version of the Gruss inequality.

### Theorem 2.9 {#FPar14}
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                \begin{document}$$ \begin{aligned}[b]&\biggl\vert \int_{a}^{b} h(x)\,dx \int_{a}^{b} f(x)g(x)h(x)\,dx- \int_{a}^{b} f(x)h(x)\,dx \int_{a}^{b} g(x)h(x)\,dx \biggr\vert \\&\quad \leq \frac{(M-m)(P-p)}{4} \biggl( \int_{a}^{b} h(x)\,dx \biggr)^{2}.\end{aligned} $$\end{document}$$

Observe that ([15](#Equ15){ref-type=""}) follows from ([16](#Equ16){ref-type=""}) by taking $\documentclass[12pt]{minimal}
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After the publication of reference \[[@CR4]\], in 2010, Dahmani and Tabharit \[[@CR3]\] presented the following result.

### Theorem 2.10 {#FPar15}
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We have the following observation.

### Theorem 2.11 {#FPar16}

*Theorem* [2.9](#FPar14){ref-type="sec"} ⇒ *Theorem* [2.10](#FPar15){ref-type="sec"}.

### Proof {#FPar17}

Suppose that all assumptions of Theorem [2.10](#FPar15){ref-type="sec"} are satisfied. Let us fix $\documentclass[12pt]{minimal}
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                \begin{document}$$ \begin{aligned}[b] &\biggl\vert J_{0^{+}}^{\alpha}p(T) \int_{0}^{T} f(x)g(x)h(x)\,dx- \int_{0}^{T} f(x)h(x)\, dx \int_{0}^{T} g(x)h(x)\,dx \biggr\vert \\&\quad \leq \frac{(M-m)(P-p)}{4} \bigl(J_{0^{+}}^{\alpha}p(T) \bigr)^{2}.\end{aligned} $$\end{document}$$ On the other hand, observe that $$\documentclass[12pt]{minimal}
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Discussion of fractional-type inequalities related to the weighted Chebyshev's functional {#Sec5}
-----------------------------------------------------------------------------------------

Let us introduce Chebyshev functional $$\documentclass[12pt]{minimal}
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In \[[@CR4]\], Dragomir proved the following interesting result.

### Theorem 2.12 {#FPar18}

*Suppose that* *f* *and* *g* *are two differentiable functions*, $\documentclass[12pt]{minimal}
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Observe that if we assume also that *f* and *g* have the same monotony, then $$\documentclass[12pt]{minimal}
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Then we can state the following result.

### Theorem 2.13 {#FPar19}

*Suppose that* *f* *and* *g* *are two differentiable functions having the same monotony*, $\documentclass[12pt]{minimal}
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In \[[@CR5]\], Dahmani presented the following fractional version of Theorem [2.13](#FPar19){ref-type="sec"}.

### Theorem 2.14 {#FPar20}
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We have the following observation concerning Theorem [2.14](#FPar20){ref-type="sec"}.

### Theorem 2.15 {#FPar21}

*Theorem* [2.13](#FPar19){ref-type="sec"} ⇔ *Theorem* [2.14](#FPar20){ref-type="sec"}.

### Proof {#FPar22}
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                \begin{document}$\alpha=1$\end{document}$ in Theorem [2.14](#FPar20){ref-type="sec"}, we obtain the result given by Theorem [2.13](#FPar19){ref-type="sec"}. Therefore, we have Theorem [2.14](#FPar20){ref-type="sec"} ⇒ Theorem [2.13](#FPar19){ref-type="sec"}. □

Conclusion {#Sec6}
==========

Recently, a lot of papers are published concerning inequalities involving different kinds of fractional integrals. In this paper, we proved that most of those inequalities are just particular cases of (or equivalent to) existing results form the literature. We discussed only three types of inequalities: Hermite-Hadamard- type inequalities, Gruss-type inequalities, and an inequality related to Chebyshev's functional. However, the used technique can be also applied for many other published results.
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